Introduction
============

Cerebrovascular disease is one of the most common causes of cerebrovascular morbidity and mortality in developed countries; in fact 12--20/1,000 people/year between the ages of 75 and 84 years will experience a stroke.[@b1-cia-10-1445] In 40% of cases, no trigger is present[@b2-cia-10-1445] (cryptogenic forms where neither coagulation alterations nor embolic sources are present), but interatrial defects such as patent foramen ovale (PFO) are seen in more than half of these patients. PFO is also seen along with an increased incidence of atrial septum aneurysm (ASA).[@b3-cia-10-1445] Foramen ovale is formed at approximately the fifth week of gestation, during the process of segmentation of the primary atrial cavity.

The separation between the two atria occurs following the primary septum descent toward the atrioventricular plane. At first, the communication is maintained through the ostium primum placed at the lowest part of the septum and is closed when the primary septum merges with the endocardial cushions.

Ostium secundum derives from the reabsorption of the septum; the foramen is closed by the secondary interatrial septum, which is formed from the upper wall of the right atrium. Septum primum and septum secundum overlap; the deriving channel formed by the two septa (foramen ovale) allows the blood coming from the uterine veins to enter directly into the left atrium, bypassing the pulmonary circulation. After birth and within the first year of life, the different pressure levels of the two atria (superior in the left atrium) cause the fusion of the two septa, with the closure of the foramen ovale and right--left shunt termination.[@b4-cia-10-1445] However, in about 25% of the adult population, the foramen continues to remain patent.[@b4-cia-10-1445]--[@b6-cia-10-1445] The prevalence of PFO in the general population tends to decrease with increasing age, from 34% in the first three decades, up to 20% in the ninth decade.[@b7-cia-10-1445],[@b8-cia-10-1445] Spontaneous closure even late in life, or selective mortality (reduced life expectancy of PFO carriers), have to be accountable.[@b4-cia-10-1445],[@b8-cia-10-1445] The ASA is an eversion of the septum that may be globally interested, or as occurs more frequently in correspondence with the region of the oval fossa.[@b9-cia-10-1445] Hanley et al[@b10-cia-10-1445] was the first to define the diagnostic criteria, identifying ASA as a protrusion of the atrial septum or a phasic excursion during the same cardiorespiratory cycle, with a total amplitude superior to 15 mm and a base diameter superior to 15 mm.

These parameters have been modified by other researchers who believe that a diagnosis of ASA is justified when protrusion inside one of the two atria is superior to 10 mm, or a total range superior to 10 mm in the presence of an extension baseline ≥15 mm.[@b11-cia-10-1445]

The prevalence of ASA is variable in relation to the cut-off number used, the detection method used, and the population studied. When it is studied by transthoracic echocardiography (TTE) in a healthy population, the prevalence is 0.08%--1.2%,[@b12-cia-10-1445] whereas by transesophageal echocardiography (TEE), it rises up to 2%--10%.[@b11-cia-10-1445],[@b13-cia-10-1445] According to Overell et al's[@b14-cia-10-1445] meta-analysis, the prevalence of ASA is 2%--17% in stroke (from all causes), 4%--25% in cryptogenic stroke, 0.2%--22% in stroke from unknown causes, and 0%--15% in the control population. In a recent study, the relationship between PFO and cryptogenic stroke was pointed out in patients over the age of 55 years as well.[@b15-cia-10-1445]

In the present paper, we report an interesting case of a 68-year-old man with ASA and transient cerebral ischemia.

Case report
===========

A 68-year-old man was visited due to episodes of dizziness and postural instability that he had been experiencing for 2 months.

The patient was affected with hypertension; in 2005 and in 2007, he was hospitalized in an internal medicine ward for lone atrial fibrillation and in 2008 in a neurological ward for stroke with left hemiparesis. No further crises of atrial fibrillation were demonstrated on repeated Holter electrocardiography (ECG) monitoring. He was also affected with benign prostatic hypertrophy.

He was taking ticlopidine 250 mg twice a day, esomeprazole 20 mg/day, valsartan 80 mg/day, and tamsulosin 0.4 mg/day. Clinical examination showed that he was oriented, with mild hyposthenia in the left limbs. Cardiac activity was rhythmic at 70 beats/minute, and the arterial pressure was 140/75 mmHg.

The vesicular murmur was present, but it was sour; the abdomen was treatable, and the liver was palpated at 1 cm from the arch rib. Hemochrome, renal and hepatic functions, thyroid hormones, coagulation, and thrombophilia screening were normal.

Brain computed tomography (CT) scan showed vascular lesions with a hypodense malacica area in the right occipital lobe. Supra-aortic Doppler ultrasound showed carotid atheromasia without any significant hemodynamic changes.

Holter ECG reported sinus rhythm, extrasystoles, and episodes of supraventricular bigeminism. Cardiac function was investigated through TTE, which showed mitroaortic fibrosis and mild mitral insufficiency. A pulmonary arterial pressure of 43 mmHg and atrial septum abnormal excursion during the cardiorespiratory cycle were also found.

TEE showed the presence of ASA; a test with microbubbles, derived from a mixture of air and saline or colloids, revealed a shunt on the foramen ovale, following Valsalva's maneuver.

The case was assessed again with the aid of the interventional cardiologist. The patient underwent percutaneous transcatheter closure of the interatrial communication by an Amplatzer 40 mm device. The use of this device was due to the presence of a big cribrate aneurysm.

The procedure was performed under general anesthesia, with the patient in endotracheal intubation, monitored by TEE after cannulation of the femoral vein, using the Seldinger technique.

The occluder device was inserted using two disks of nitinol and an intermediate bridge (waist) with a link function and a stent; it was screwed to a solid wire and was released after the adhesion of the two disks to the defect borders. Doppler ultrasound assessed the absence of a residual shunt.

The patient was discharged after 4 days; antiplatelet therapy with ASA 100 mg/day and clopidogrel 75 mg/day, as well as a pattern of antibiotic prophylaxis for bacterial endocarditis, was suggested.

Discussion
==========

TEE and transcranial Doppler, or TEE with the microbubbles test, are the suggested methods for detecting and quantifying intracardiac shunts, both at rest and following Valsalva's maneuver.[@b16-cia-10-1445]--[@b18-cia-10-1445] TEE is an irreplaceable examination for characterizing the interatrial septum and the aortic root.[@b19-cia-10-1445]

It is also fundamental for measuring all the required parameters necessary for carefully scheduling the intervention of percutaneous closure.[@b20-cia-10-1445] [Table 1](#t1-cia-10-1445){ref-type="table"} reports all the parameters to check on TEE.

Recently, the Randomized Evaluation of recurrent Stroke comparing PFO closure to Established Current standard of care Treatment (RESPECT) study[@b21-cia-10-1445] suggested that patients affected with ASA and presenting with a significant right-to-left shunt are at the highest risk of stroke. There was no significant benefit associated with closure of a PFO in adults who had had a cryptogenic ischemic stroke. However, closure was superior to medical therapy alone in the prespecified per-protocol and as-treated analyses, with a low rate of associated risks.[@b21-cia-10-1445] Conversely, in the Patent Foramen Ovale and Cryptogenic Embolism (PC) trial,[@b22-cia-10-1445] closure of a PFO for secondary prevention of cryptogenic embolism did not result in a significant reduction in the risk of recurrent embolic events or death, as compared with medical therapy.

Before these studies, CLOSURE I[@b23-cia-10-1445] (the first randomized study) did not show any significant changes in the study endpoints among patients treated with drugs and those who underwent PFO closure by the Starflex device (NMT Medical, Inc., Boston, MA, USA). However, since the latter device does not have good clinical quality, it was no longer marketed. CLOSURE I was extremely criticized for the clinical difference in inclusion criteria, the low number of patients enrolled, and the device used.[@b23-cia-10-1445] On the contrary, the RESPECT study trial[@b21-cia-10-1445] showed the advantages of the catheter-based device closure through the use of a safer and more effective device, such as the Amplatzer, and of more accurate inclusion criteria.

In patients following first event of transient ischemic attack (TIA), and without clinical risk factors (such as conditions that may facilitate deep venous thrombosis) and anatomical risk factors (such as the presence of ASA, an amplitude of PFO \>4 mm, and a basal shunt), pharmacological treatment with antiplatelets or anticoagulants is highly recommended. If catheter-based device closure is contraindicated, or if the patient refuses the procedure, the treatment of choice is medical through oral anticoagulation. On the contrary, in patients following the first event of TIA or a recurrent event during antiplatelet treatment, the percutaneous closure of PFO is recommended.[@b20-cia-10-1445],[@b24-cia-10-1445] Interventional treatment, when indicated, should be postponed to at least 1 month after the stroke; furthermore, heparin necessary during the procedure could be dangerous in big-sized brain lesions. In people affected with minor stroke or TIA, no latency time is requested before the procedure.[@b20-cia-10-1445]

The first experience of the percutaneous closure of an atrial septal defect occurred in 1976 with a 23 French delivery system.[@b25-cia-10-1445] The devices currently available make the process extremely easy and there are very few risks, with a mortality rate much less than 1%.[@b26-cia-10-1445]

The risks are related to anesthesia and to possible embolization of the device.[@b27-cia-10-1445] However, this event is very rare based on the safety of the screw delivery system; there is also the possibility that the Amplatzer system can be reinserted in the interposer if it is not properly placed.[@b5-cia-10-1445] When ASA is present, the procedure of percutaneous closure of the PFO can be considered as the secondary prevention of cryptogenic stroke, even in elderly patients.

In fact, Overell et al's[@b14-cia-10-1445] meta-analysis aim was to examine the association between PFO, ASA, and stroke. Data from case--control studies that examined the relative frequency of PFO, ASA, or both in all patients with ischemic stroke, cryptogenic stroke, and known stroke etiology, as well as in control subjects, were included. Combined odds ratio (OR) were calculated using the fixed-effects (FE) and random-effects (RE) methods. Homogeneous results were found within the group younger than 55 years old: using FE, OR=3.10 (95% confidence interval \[CI\]: 2.29--4.21) for PFO; OR=6.14 (95% CI: 2.47--15.22) for ASA; and OR=15.59 (95% CI: 2.83--85.87) for PFO plus ASA. For patients older than 55 years old, using FE, OR=1.27 (95% CI: 0.80--2.01) for PFO; OR=3.43 (95% CI: 1.89--6.22) for ASA; and OR=5.09 (95% CI: 1.25--20.74) for PFO plus ASA. Therefore, PFO and ASA are significantly associated with ischemic stroke in patients younger than 55 years old. Further studies are needed to establish whether the association between PFO and ischemic stroke may exist in patients older than 55 years of age.[@b28-cia-10-1445]

The importance of the combination of defects in the determinism of cryptogenic forms of acute cerebrovascular ischemia is also supported by other authors.[@b29-cia-10-1445] The postulated pathogenetic mechanism is primarily due to paradoxical embolism -- that is, transition of the left atrium of a thrombus from the venous side, with subsequent embolization. This hypothesis was postulated for the first time in 1877 by Cohnheim[@b30-cia-10-1445] after performing an autopsy on a young woman affected with PFO who died of a stroke. In most cases, the embolic source remains undetermined; in fact, deep venous thrombosis is found only in 5%--10% of cases.[@b31-cia-10-1445] Only in a few cases is it possible to identify overt risk factors for thromboembolism such as trauma, oral contraceptives, or hypercoagulable states.[@b32-cia-10-1445] Therefore, it was hypothesized that the thrombus formation can take place in situ, just in the PFO (it is morphologically similar to a tunnel), or on the surface of the aneurysm, especially if fixed, given the occurrence of the phenomena of blood stasis inside it.[@b33-cia-10-1445]

In this regard some evidence has reported that the surface of the ASA may be cribriform with the loss of substance and the consequent increase in the thrombotic risk.[@b34-cia-10-1445],[@b35-cia-10-1445] The arrhythmic hypothesis is another possibility: Berthet et al[@b3-cia-10-1445] have demonstrated atrial vulnerability in 60% of patients with ASA plus PFO.[@b3-cia-10-1445] This could be related to local septal stretching with electrophysiological changes, which could be the cause of paroxysmal atrial fibrillation.[@b3-cia-10-1445],[@b36-cia-10-1445]

Finally, it is worth noting the possible association between ASA and a persistent Eustachian valve, which positively correlates with the risk of paradoxical embolism. This might perhaps be related to the directing of blood flow to the oval fossa, thus leading to a facilitation of the right-to-left shunt.[@b12-cia-10-1445]

Conclusion
==========

After the interventional treatment, TTE is highly recommended before discharge at 1 month, 3 months, 6 months, and 12 months, and at each year thereafter. TTE with microbubbles is requested after 6 months, and a Holter ECG needs to be performed when requested from the clinical picture. TEE is requested if TTE shows a significant right-to-left shunt, or in any case when suggested based on the clinical picture.
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###### 

Parameters to check on TEE

  -------------------------------------------------------------------------------------------------------------------------------------
  1\. Atrial septum length and thickness
  2\. PFO tunnel length and amplitude
  3\. Presence/absence and measurement of septal aneurysm (basis excursion and amplitude)
  4\. Measurement of anterior--superior rim (minimum distance of the beginning of the tunnel from the atrial anterior--superior wall)
  5\. Presence/absence of atrial multifenestrated septum
  6\. Eustachian valve measurement
  7\. Presence/absence of Chiari network
  8\. Quantitative measurement of shunt by microbubbles (significant shunt for transition of \>20 bubbles)
  -------------------------------------------------------------------------------------------------------------------------------------

**Abbreviations:** TEE, transesophageal echocardiography; PFO, patent foramen ovale.
